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(57) ABSTRACT 

Provided is an optical switch member including a bi-stable 
mechanism, and first and second electro-thermal actuators. 
The bi-stable mechanism includes a curved-beam disposed 
on a bending portion of a first cantilever, one end of the first 
cantilever having a driven portion disposed thereon. The first 
electro-thermal actuator includes a first beam of a first driven 
arm disposed on the bending portion. The second electro 
thermal actuator includes a second beam of a second driven 
arm disposed on the bending portion. The ends of the first and 
second driven arms are adjacent to first and second sides of 
the driven arm, respectively. Also proposed is an optical 
Switch device including a substrate, a third thermal actuator, 
and the optical switch member disposed on the substrate to 
form an optical switch device to thereby integrate the optical 
switch with variable optical attenuators on the substrate. 

21 Claims, 10 Drawing Sheets 
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OPTICAL SWITCH AND OPTICAL SWITCH 
DEVICE HAVING THE SAME 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims under 35 U.S.C. S 119(a) the ben 
efit of Taiwanese Application No. 98.137363 filed Nov. 4, 
2009 the entire contents of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to optical Switches and opti 

cal Switch devices having the same, and more particularly, to 
an optical Switch for use with bi-stable mechanisms in con 
junction with electro-thermal actuators, and an optical Switch 
device equipped with the optical Switch and configured to 
integrate the optical Switch with variable optical attenuators. 

2. Description of Related Art 
Optical communication products have become mainstream 

due to the ever-growing demand for faster data transmission 
capability. Various optical communication components. Such 
as optical fibers, optical waveguides, optical Switches (OS), 
and variable optical attenuators (VOA), are widely used. 

Optical fiber has the advantages of high transmission 
speed, low noise, light weightness and secure privacy and 
thus has become an indispensable transmission medium for 
modern communication networks. Optical Switches play a 
key role in the optical Switching of light signals in optical 
communication networks because they can selectively switch 
signals from an input end to a specific output end of an optical 
fiber network. Optical attenuators adjust the intensity of opti 
cal signals and are effective in measuring indices of optical 
fiber systems, attenuating signals in short distance commu 
nications systems, and testing systems. Currently there are 
many different techniques available for optical fibers, optical 
Switches and optical attenuators, such as, the thermo-optics 
techniques, the liquid-crystal technique and Micro-Electro 
Mechanical Systems (MEMS). 

Referring to FIG. 1A through FIG. 1B, the prior art dis 
closes a MEMS-based cross-bar-type optical switch compris 
ing four optical pathways arranged cruciformly. As shown in 
FIG. 1A, with a mirror 10 being at a first position 15 (out of 
the way of the paths of the optical signals), an optical signal 
input by a first optical input pathway 11 enters a first optical 
output pathway 13, and an optical signal input by a second 
optical input pathway 14 enters a second optical output path 
way 12. As shown in FIG. 1B, the mirror 10 moves from the 
first position 15 to a second position (in the way of the paths 
of the optical signals) to thereby divert the optical signal input 
by the first optical input pathway 11 to the second optical 
output pathway 12 and divert the optical signal input by the 
second optical input pathway 14 to the first optical output 
pathway 13. However, to prevent optical signals from devi 
ating from the optical pathways, the mirror 10 needs to be 
double-sided and of a limited thickness. Moreover, extra 
energy, such as electrostatic energy, is required for keeping 
the mirror 10 at the first position 15 or the second position. 

Regarding optical communication devices, “attenuation 
controllable micromachined 2x2 optical Switches using 
45-deg micromirrors' was proposed by Kwon et al. in 2006; 
however, the technique is known to cause relatively great 
optical energy loss since it requires two sets of mirrors in 
order to reflect input optical signals to an output end. Subse 
quently in 2008, Chen et al. disclosed a “novel multifunc 
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2 
tional device for optical power splitting, Switching, and 
attenuating comprising a movable cantilever and a triangu 
lar reflective mirror configured to function as an optical split 
ter and perform optical path Switching and optical attenuation 
by moving or twisting the cantilever. However, with the main 
application limited to optical Switching and adjustment of 
1x2 optical pathways and with a difficult fabrication process, 
the device is less than optimal. 
The application of optical fiber technologies is indispens 

able to optical fiber communication networks, data transmis 
sion and cable TV transmission. Consequently, miniaturiza 
tion, enhancement of optical signal Switching speed, and 
reduction of loss of optical signal energy are the main areas of 
challenge and the requirements to be met and improved. 

SUMMARY OF THE INVENTION 

In view of the foregoing drawbacks of the prior art, a 
primary objective of the present invention is to provide an 
optical Switch comprised of a bi-stable mechanism having 
two anchors and a curved-beam disposed between the two 
anchors, wherein a first cantilever is formed on a bending 
portion of the curved-beam by extending from both ends of 
the curved-beam, and wherein one end of the curved-beam 
has a driven portion disposed thereon, the driven portion 
having a first side extending in a direction away from the 
curved-beam and a corresponding second side, and the bi 
stable mechanism has a first stable mode and a second stable 
mode; a first electro-thermal actuator disposed at a position 
adjacent to the driven portion of the bi-stable mechanism and 
comprised of two anchors and a first beam disposed between 
the anchors, wherein the first beam has a bending portion 
bending towards the direction of the bi-stable mechanism and 
a first driving arm extending from the first beam, the end of the 
first driving arm being adjacent to the driven portion of the 
bi-stable mechanism; a second electro-thermal actuator dis 
posed at a position adjacent to the driven portion of the 
bi-stable mechanism and comprised of two anchors and a 
second beam that is disposed between the anchors, the second 
electro-thermal actuator being coupled to the first electro 
thermal actuator by connecting one of their anchors with each 
other, wherein the second beam has a bending portion bend 
ing away from the direction of the bi-stable mechanism and a 
second driving arm extending from the second beam, the end 
of the second driving arm being adjacent to the second side of 
the driven portion. 

In the foregoing Switch of the present invention, when the 
bi-stable mechanism is in the first stable mode, the curved 
beam bends away from the driven portion, whereas when the 
bi-stable mechanism is in the second stable mode, the curved 
beam bends towards the driven portion. 

In one preferred embodiment, the curved-beam is a bi 
conductor structure with a difference in thermal expansion 
coefficient in the two constituent conductors of the bi-con 
ductor structure. The bending portions of first and second 
beams bend in opposite directions. 
The present invention further proposes an optical Switch 

device, comprising: a Substrate having at least an optical input 
pathway and an optical output pathway; at least an optical 
switch as described above formed on the substrate and having 
a first reflective unit that is disposed at an end of the first 
cantilever with respect to the driven portion; and at least a 
third thermal actuator disposed in close proximity to the first 
cantilever of the bi-stable mechanism and comprised of a 
third beam and an anchor disposed on both ends of the third 
beam and fixed in position to the substrate, wherein the third 
beam comprises a bending portion and a second cantilever 
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formed on the bending portion by extending from the third 
beam, and wherein the end of the second cantilever has a 
second reflective unit. 
Compared to the prior art, the switch proposed by the 

present invention is characterized by integrating a bi-stable 
mechanism with electro-thermal actuators that actuate driv 
ing arms to drive the bi-stable mechanism to thereby enable 
selective switching between first and second stable modes. 
Further, the optical switch device of the present invention is 
characterized by using one or more Switches and third elec 
tro-thermal actuators operating on the Substrate, thereby inte 
grating the functions of an optical Switch and a variable 
optical attenuator on the same Substrate and also fastening the 
reflective unit in the two stable modes by operating the elec 
tro-thermal actuators and the bi-stable mechanism to selec 
tively switch optical signals from one end to another as 
desired. Accordingly, the position of the reflective unit is 
varied by applying Voltages of varying intensities on the 
electro-thermal actuators and the bi-stable mechanism, 
thereby adjusting the amount of output energy of optical 
signals to achieve variable optical attenuation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the following detailed description of the preferred 
embodiments, with reference made to the accompanying 
drawings, wherein: 

FIG. 1A is a diagrammatic illustration of a conventional 
cross-bar-type optical Switch and optical signals passing 
therethrough; 

FIG. 1B is a diagrammatic illustration showing mirror 
reflected optical signals of the conventional cross-bar-type 
optical Switch; 

FIG. 2 is a perspective view of the basic construction of an 
optical switch in accordance with the first preferred embodi 
ment of the present invention; 

FIG. 3A is a diagrammatic illustration showing the first 
stable mode of the bi-stable mechanism of the optical switch 
in accordance with the present invention; 

FIG. 3B is a diagrammatic illustration showing the second 
stable mode of the bi-stable mechanism of the optical switch 
in accordance with the present invention; 

FIG. 4 is a perspective view of the basic construction of the 
optical Switch in accordance with a second preferred embodi 
ment of the present invention; 

FIG. 5 is a perspective view of the basic construction of an 
optical Switch device in accordance with the present inven 
tion; 

FIG. 6A and FIG. 6B are diagrammatic illustrations show 
ing the operation of the optical Switch device in accordance 
with the present invention; 

FIG. 6C and FIG. 6D are diagrammatic illustrations show 
ing the operation of the optical Switch device in accordance 
with the present invention; 

FIG. 7A is a diagrammatic illustration showing the dis 
placement of the reflective unit of the optical switch in the 
optical Switch device according to the present invention; 

FIG. 7B is a diagrammatic illustration showing the dis 
placement of the reflective unit of the third electro-thermal 
actuator in the optical Switch device according to the present 
invention; and 

FIG. 8A through FIG. 8G are schematic views of a manu 
facturing process of the optical Switch device according to the 
present invention. 
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4 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

The following illustrative embodiments are provided to 
illustrate the disclosure of the present invention, these and 
other advantages and effects being understandable by persons 
skilled in the art after reading the disclosure of this specifi 
cation. 

First Preferred Embodiment 

Referring to FIG. 2, there is shown a perspective view of 
the basic construction of an optical Switch according to the 
first preferred embodiment of the present invention. As shown 
in the drawing, an optical Switch 25 comprises a bi-stable 
mechanism 30, a first electro-thermal actuator 31, and a sec 
ond electro-thermal actuator 32. 
The bi-stable mechanism 30 has two anchors 302 and a 

curved-beam 301 connected between the anchors 302. A first 
cantilever 35 extends, in two opposite directions, from a 
bending portion 303 of the curved-beam 301 such that the first 
cantilever 35 has a first end 352 and a second end 352. The 
second end 352 has a drivenportion 34 disposed thereon. The 
driven portion 34 has a first side 341 facing away from the 
curved-beam 301 and a second side 342 opposite to the first 
side 341. The bi-stable mechanism 30 has a first stable mode 
and a second stable mode and switches between the first 
stable mode and the second stable mode under an external 
force. 

In practice, the curved-beam 301 of the bi-stable mecha 
nism 30 bends away from the driven portion 34 in the first 
stable mode and bends towards the driven portion 34 in the 
second stable mode. The curved-beam 301 of the bi-stable 
mechanism 30 is a bi-conductor structure with a difference in 
thermal expansion coefficient in the two constituent conduc 
tors of the bi-conductor structure. In practice, when the bi 
stable mechanism 30 is in the first stable mode, a voltage is 
applied across the two anchors 302 thereof such that the 
curved-beam 301 bends away from the driven portion 34. 
Conversely, when the bi-stable mechanism 30 is in the second 
stable mode, a Voltage is applied across the anchors 302 Such 
that the curved-beam 301 bends towards the driven portion 
34. 

Specifically, the bi-stable mechanism 30 comprises two 
parallel curved-beams 301, as illustrated in FIGS. 3A and 3B. 
in which the two curved-beams 301 are clamped at the middle 
thereof So as to keep them from turning or moving pliably. 
The shape of the curved-beams 301 causes them to be in a 
buckling mode due to axial loading. The distance X between 
the two anchors 302 is 3000 um. The width W of the curved 
beams 301 is 8 um. The central offset 6 of the curved-beams 
301 is 40 um but is not limited thereto. In general, the above 
mentioned dimensions may vary, depending on the applica 
tion of the optical switch and the performance and efficacy of 
the formed device. Also note that the bi-stable mechanism 30 
is not limited to being formed by two said curved-beams 301; 
the bi-stable mechanism 30 can also be formed by either a 
single curved-beam or multiple curved-beams. 

In addition, the bi-stable mechanism 30 provides two 
stable modes and thus is capable of latching, as shown in 
FIGS. 3A and 3B. FIG. 3A and FIG. 3B depict first and 
second stable modes of the bi-stable mechanism 30 in accor 
dance with the present invention, respectively. By exerting an 
increasing external force on the central tip of the bi-stable 
mechanism 30 until a threshold value is passed, the first stable 
mode of the bi-stable mechanism 30 is switched to the second 
stable mode. Conversely, by exerting an external force to the 
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centertip on the other side of the bi-stable mechanism 30 until 
a threshold value is passed, the second stable mode of the 
bi-stable mechanism 30 is switched back to the first stable 
mode. In a preferred embodiment, the bi-stable mechanism 
30 is capable of switching between the two stable modes in a 
Snapping manner. 

Referring again to FIG. 2, the first cantilever 35 may be a 
truss structure to enhance the stiffness thereof in one pre 
ferred embodiment. Further, the bi-stable mechanism 30 may 
optionally have reflective units or other elements disposed at 
the first end thereof to implement the function of driving 
objects as required. 
The first electro-thermal actuator 31 is disposed in close 

proximity to the drivenportion 34 of the bi-stable mechanism 
30, and includes anchors 312, 312 and a first beam 311 
disposed between anchors 312,312. The first beam 311 com 
prises a bending portion 313 bending towards the bi-stable 
mechanism 30, wherein a first driving arm 33 extending from 
the first beam 311 is disposed on the bending portion 313, and 
the end of the first driving arm 33 is adjacent to the first side 
341 of the driven portion 34. 
The second electro-thermal actuator 32 is disposed in close 

proximity to the drivenportion 34 of the bi-stable mechanism 
30, and includes anchors 322, 322 and a second beam 321 
that is disposed between anchors 322, 322", wherein the sec 
ond electro-thermal actuator 32 is coupled to the first electro 
thermal actuator 31 by connecting either one of the anchors 
322 and 312 thereof with each other. The second beam 321 
comprises a bending portion 323 bending away from the 
bi-stable mechanism 30, wherein a second driving arm 33 
extending from the second beam 321 is disposed on the bend 
ing portion 323, and the end of the first driving arm 33' is 
adjacent to the second side 342 of the driven portion 34. 

Typically, the first and second beams 311, 321 are formed 
by connecting two conductors of different thermal expansion 
coefficients, such that, when a Voltage is applied across the 
two anchors of the first and second beams 311,321, the beams 
311, 321 bend toward the side of the conductor that has the 
higher thermal expansion coefficient. In one application, 
when a voltage is applied across anchors 312,312 of the first 
electro-thermal actuator 31, the first beam 311 bends towards 
the bi-stable mechanism 30 which causes the first driving arm 
33 to move along with the first beam 311 towards the bi-stable 
mechanism 30, such that the end of the first driving arm 33 
abuts against the first side 341 of the driven portion 34 and 
drives the driven portion 34, thereby pushing the bi-stable 
mechanism 30 to switch from the second stable mode to the 
first stable mode. In other words, the curved-beam 301 of the 
bi-stable mechanism bends towards the driven portion 34 to 
switch from the second stable mode to the first stable mode, 
wherein it is bent away from the driven portion 34. 

Similarly, when Voltage is applied across the two anchors 
322, 322 of the second electro-thermal actuator 32, the sec 
ond beam 321 bends away from the bi-stable mechanism 30 
to cause the second driving arm 33' to move along with the 
first beam 311 towards the bi-stable mechanism 30, such that 
the end of the second driving arm 33' abuts against the second 
side 342 of the driven portion 34 and drives the driven portion 
34, thereby causing the bi-stable mechanism 30 to switch 
from the first stable mode to the second stable mode, that is, 
the curved-beam 301 of the bi-stable mechanism 30 bends 
away from the driven portion 34 to switch from the first stable 
mode to the second stable mode, wherein it is bent towards the 
driven portion34. Note that the means of driving the first and 
second electro-thermal actuators is not limited to pushing or 
pulling as described above. 
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6 
In the preferred embodiment of FIG. 2, the first and second 

beams 311, 321 may be formed by a plurality of parallel 
V-beams and have a thickness of 10um. The bending portions 
313, 323 of the first and second beams 311, 321 are config 
ured to bend in opposite directions from one another. In one 
embodiment, the first and second driving arms 33, 33' are 
line-bending structures and are provided with reinforced ribs 
331, 331' at their respective bending angles. Note that in 
differing embodiments the thickness of the first and second 
beams 311, 321, the bending directions of bending portions 
313, 323 and the structures of the first and second driving 
arms 33,33' may be flexibly adjusted as needed. Also, the first 
driving arm 33 and/or the second driving arm 33' may or may 
not be provided with the reinforced ribs 331 and/or the rein 
forced ribs 331'. 

Second Preferred Embodiment 

FIG. 5 illustrates a second preferred embodiment of the 
invention. In this embodiment, an optical Switch device inte 
grating the optical Switch 25 is provided, comprising a Sub 
strate 20, at least a said optical switch 25 (as shown in FIG. 2) 
and one or more third electro-thermal actuators 26. 
The Substrate 20 comprises at least an optical input path 

way and an optical output pathway, wherein at least a said 
optical switch 25 (as shown in FIG. 2) is formed on the 
substrate 20. The bi-stable mechanism 30 of the optical 
switch 25 and the first and second electro-thermal actuators 
31, 32 are fixed in position to the substrate 20 by means of the 
anchors, respectively. 

Referring to FIG. 2 together with FIG. 4, the basic con 
struction of the switch in the first and second preferred 
embodiments according to the present invention is illustrated 
respectively in the drawings. The third electro-thermal actua 
tor 26 is disposed in close proximity to the first cantilever 35 
of the bi-stable mechanism 30, and has a third beam 511 and 
two anchors 512 each disposed on one of the two ends of the 
third beam 511 to be fixed in position to the substrate 20. The 
third beam has a bending portion 513 whereon a second 
cantilever 52 is formed by extending from the third beam 511. 
Typically, the third beam is formed by two adjacent connected 
conductors of varying thermal expansion coefficients. It is to 
be noted that in different embodiments of the present inven 
tion, the third electro-thermal actuator 26 may optionally 
include reflective units or other elements that enable the third 
electro-thermal actuator 26 to drive objects as required. 

Specifically in this embodiment, when applying a Voltage 
across the two anchors 512 of the third electro-thermal actua 
tor 26, the third beam 511 bends away from the end521 of the 
second cantilever 52, causing the second cantilever 52 to 
follow the bending of the third beam 511 and move away from 
the end 521 of the second cantilever 52. In another embodi 
ment, the third beam 511 bends towards the end 521 of the 
second cantilever 52, causing the second cantilever 52 to 
follow the bending of the third beam 511 and move towards 
the end 521 of the second cantilever 52. 

In this embodiment, the third beam 511 is composed of a 
plurality of parallel V-beams. In another embodiment, the first 
cantilever 52 may be a truss structure. 

FIG. 5 is a perspective view of the basic construction of the 
optical Switch device in accordance with the present inven 
tion. In application, the optical Switch device is specifically 
applied to microelectromechanical systems (MEMS). Note 
that the illustration of FIG. 5 represents only one of the 
exemplary embodiments and should not be construed as 
restrictive of the applications and variations of the optical 
switch device. As depicted, the optical switch device 2 com 
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prises a substrate 20, a first optical input pathway 21, a first 
optical output pathway 22, a second optical input pathway 23, 
a second optical output pathway 24, two optical Switches 25. 
27 and two third electro-thermal actuators 26, 28. Note that in 
this embodiment, the optical switches 25, 27 are of different 
structures, whereas the third electro-thermal actuators 26, 28 
are of the same structures. 
The first optical input pathway 21, the first optical output 

pathway 22, the second optical input pathway 23, the second 
optical output pathway 24 are all formed on the substrate 20 
by a groove adapted to store optical fibers therein, wherein the 
first optical input pathway 21 is perpendicular to the first 
optical output pathway 22, and the second optical input path 
way 23 is perpendicular to the second optical output pathway 
24, and wherein the first optical input pathway 21 is parallel 
to the second optical input pathway 23 Such that optical 
signals are alternately input in the corresponding directions, 
and the first optical outputpathway 22 is parallel to the second 
optical output pathway 24 Such that optical signals are alter 
nately input in opposite directions. More specifically, the four 
optical pathways are configured to forma split cross-bar, SCB 
configuration. It is to be noted that in other embodiments, the 
number of the optical pathways on the substrate 20 and the 
optical pathways used for optical input or output are all 
adjustable according to the actual requirements. 

In particular, the third electro-thermal actuator 26 and the 
optical switch 27 are disposed at a region formed between the 
first optical output pathway 22 and the second optical input 
pathway 23, and the third electro-thermal actuator 28 and the 
optical switch 25 are disposed at a region formed between the 
first optical input pathway 21 and the second optical output 
pathway 24. 

The end of the first cantilever 35 of the optical switch 25, 
the end of the second cantilever of the third electro-thermal 
actuator 26, the end of the first cantilever of the optical switch 
27, and the end of the second cantilever of the third electro 
thermal actuator 28 comprise first, second, third and fourth 
reflective units 250, 260, 270 and 280, respectively, and the 
third electro-thermal actuator 26, the optical switch 27 and 
the third electro-thermal actuator 28 drive their respective 
reflective units via the optical switch 25, thereby switching 
optical signals input by first and second optical input path 
ways 21, 23 in between the first and second optical output 
pathways 22, 24, and also adjust the intensity of optical sig 
nals entering the first and second optical output pathways 22, 
24. 

In compliance with the design of the split cross-bar (the 
SCB optical pathway), the first cantilever of the optical 
switches 25, 27 may be designed to have folding lines having 
a curving angle of 0.6 degree instead of a straight arm, as 
shown in FIG. 5, and note that the curving angle may be at 
different degrees in other embodiments. Similarly, the second 
cantilever of the third electro-thermal actuators 26, 28 may 
also be of a structure with folding lines to comply with the 
split cross-bar (SCB optical pathway), and the curving angle 
may vary depending on the structure of the optical Switch 
device. 

In the embodiment of FIG. 5, the distance between the 
anchors of the second electro-thermal actuators of the optical 
switches 25, 27, the first electro-thermal actuators of the 
optical switches 25, 27, and the third electro-thermal actua 
tors 26, 28, equals the lengths of the second beam of the 
second electro-thermal actuators of the optical switches 25, 
27, the first beam of the first electro-thermal actuators of the 
optical switches 25, 27, and the third beam of the third elec 
tro-thermal actuators 26, 28, at 4000 um, 3000 um, and 1000 
um respectively. 
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FIGS. 6A through 6D are top views showing the optical 

Switching of optical signal pathways in the optical Switch 
device, and respectively illustrate the operation of the optical 
switches described in FIG. 2 and the third electro-thermal 
actuators 26, 28 depicted in FIG. 4 on the substrate shown in 
FIG.5. The substrate 20 of the optical switch device 2 has four 
optical pathways including the first optical input pathway 21, 
the first optical output pathway 22, the second optical input 
pathway 23, and the second optical output pathway 24, and 
also four reflective units including first, second, third, and 
fourth reflective units 250, 260, 270, 280. Note that the four 
reflective units, namely the first, second, third and fourth 
reflective units 250,260,270,280, are respectively controlled 
by the optical switch 25, the third electro-thermal actuator 26, 
the optical switch 27 and the third electro-thermal actuator 
28. 
As shown in FIG. 6A, the first, second, third and the fourth 

reflective units 250, 260, 270, 280 are all located at their 
original positions. The optical signal input by the first optical 
input pathway 21 enters the first optical outputpathway 22 via 
the first reflective unit 250, and the optical signal input by the 
second optical input pathway 23 enters the second optical 
output pathway 24 via the third reflective unit 270. 
As shown in FIG. 6B, when the first and third reflective 

units 250, 270 are at their respective original positions 41a, 
43a, a Voltage may be applied to the second electro-thermal 
actuator of the optical switches 25, 27, resulting in the second 
driving arm of the second electro-thermal actuator exerting a 
force to the drivenportion of the first cantilever of the bending 
portion of the bi-stable mechanism such that the bi-stable 
mechanism is switched to the second stable mode, causing the 
first and third reflective units 250, 270 disposed at the end of 
the first cantilever of the optical switches 25, 27 to move along 
to the second positions 41b. 43b. In other words, the first and 
third reflective units 250, 270 depart from the optical path 
ways by which the first and second optical input pathways 21, 
23 input optical signals, and, consequently, the optical signal 
input by the first optical input pathway 21 enters the second 
optical output pathway 24 via the second reflective unit 260, 
and the optical signal input by the second optical input path 
way 23 enters the first optical output pathway 22 via the 
fourth reflective unit 280. 
As can be understood from the embodiments depicted in 

FIGS. 6A and 6B, the bi-stable mechanism of the optical 
switches 25, 27 is switched from the first stable mode to the 
second stable mode by applying a Voltage to the second 
electro-thermal actuator of the optical switches 25, 27, such 
that the first and third reflective units 250, 270 move from 
their original positions 41a and 43a to second positions 41b 
and 43b, as shown in FIG. 6B. Conversely, the bi-stable 
mechanism of the optical switches 25, 27 can be switched 
from the second stable mode to the first stable mode by 
applying a Voltage to the first electro-thermal actuator of the 
optical switches 25, 27, causing the first and third reflective 
units 250,270 to move from the second positions 41b and 43b 
to their original positions 41a and 43a shown in FIG. 6A. In 
this embodiment, the distance between the original positions 
41a, 43a and the second positions 41b, 43b is approximately 
100 um for both, but the original and second positions may be 
adjusted as needed. 

Accordingly, optical signals input by the first optical input 
pathway 21 can be switched between the first optical output 
pathway 22 and the second optical output pathway 24 before 
being output, and optical signals input by the second optical 
input pathways 23 can be switched between the first optical 
output pathway 24 and the second optical output pathway 22 
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before being output, thereby achieving one of the objectives 
of the present invention, that is, Switching optical signals. 

Referring to FIG. 6C, the optical input signals may be 
attenuated rather than switched. When the first and third 
reflective units 250, 270 are at the original positions 41a and 
43a, a Voltage may be applied to the bi-stable mechanism of 
the optical switches 25, 27, and thus the first cantilever having 
a reflective unit moves towards the reflective unit. Conse 
quently, the first and third reflective units 250,270 disposed at 
the end of the first cantilever of the optical switches 25, 27 
move away from the original positions 41a, 43a. The first 
reflective unit 250 moves away from the original position 41a, 
Such that the optical signal input by the first optical input 
pathway 21 moves away the axis 220 of the first optical output 
pathway 22 but still enters the first optical output pathway 22, 
leading to attenuation of the optical signal in the first optical 
output pathway 22. Similarly, the optical signals input by the 
second optical input pathway 23 moves away from the axis 
240 of the second optical output pathway 24 by the third 
reflective unit 270 moving away from its original position 
43a, but still enters the second optical output pathway 24 and 
thus attenuate the optical signals entering the second optical 
output pathway 24. Note that the first and third reflective units 
250, 270 are not limited to move away from their respective 
original positions 41a. 43a concurrently in this embodiment. 

Referring to FIG. 6D, when the first and third reflective 
units 250, 270 are at the second positions 41b. 43b, as shown 
in FIG. 6B, and the second and fourth reflective units 260,280 
are at the original positions 42a and 44a, a Voltage is applied 
to the third electro-thermal actuators 26, 28, resulting in the 
second cantilever with a reflective unit connected to the third 
electro-thermal actuators 26, 28 moving away from the 
reflective unit, causing the second and fourth reflective units 
260, 280 disposed at the end of the second cantilever of the 
third electro-thermal actuators 26, 28 to depart from the origi 
nal positions 42a, 44a. Consequently, the optical signal input 
by the first optical input pathway 21 departs, via the second 
reflective unit 260 moving away from the original position 
42a, from the axis 240 of the second optical output pathway 
24 but still enters the second optical output pathway 24, 
thereby resulting in attenuation of the optical signals in the 
second optical output pathway 24. Similarly, the optical sig 
nal input by the second optical input pathway 23 departs, via 
the second reflective unit 280 moving away from the original 
position 44a, from the axis 220 of the first optical output 
pathway 22 but still enters the first optical output pathway 22, 
thereby resulting in attenuation of the optical signals in the 
first optical output pathway 22. Note that the second and 
fourth reflective units 260, 280 are not limited to moving 
away from the original positions 42a, 44a concurrently in this 
embodiment. 
As can be understood from the embodiments depicted in 

FIGS. 6C and 6D, the distance of the first and third reflective 
units 250, 270 departing from the original positions 41a, 43a 
can be controlled by applying a Voltage to the bi-stable 
mechanism of the optical switches 25, 27, thereby adjusting 
the intensity of optical signals entering the first and second 
optical output pathways 22, 24. Correspondingly, the distance 
of the second and fourth reflective units 260, 280 departing 
from the original positions 42a, 44a can be controlled by 
applying a Voltage to the third electro-thermal actuators 26, 
28, thereby adjusting the intensity of optical signals entering 
the first and second optical output pathways 22, 24. In the 
embodiments illustrated in FIGS. 6C and 6D, the offsets of 
the first and third reflective units 250,270 with respect to the 
original positions 41a. 43a and the offsets of the second and 
fourth reflective units 260, 280 with respect to the original 
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10 
positions 42a, 44a is, but is not limited to, approximately 2 
um, thereby realizing the effect of a variable attenuator. 
Turning now to FIGS. 7A and 7B, FIG. 7A illustrates the 

displacement of the reflective unit of the optical switch of the 
optical Switch device according to the present invention. In 
view of the same operating theory of first and third reflective 
units 250, 270 moving on the substrate 20, the embodiment 
shown in FIG. 7A is exemplified by the first reflective unit 250 
only. FIG.7B shows the displacement of the reflective unit of 
the third electro-thermal actuator in the optical switch device 
according to the present invention. In view of the same oper 
ating theory of the second and fourth reflective units 260,280 
moving on the substrate 20, this embodiment is exemplified 
by the second reflective unit 260 only. 

Referring to FIG. 7A, the first reflective unit 250 departs 
from an original position 41a, and an included angle C. 
between the first reflective unit 250 and the axis 71 of the first 
optical input pathway remains unchanged and thus is main 
tained at 45 degrees. The magnitude of an included angle 0 
between the moving direction 72 of the first reflective unit 250 
and the axis 71 of the first optical inputpathway is determined 
at a user's discretion. Displacement D of the first reflective 
unit 250 from the original position 41a is expressed as d (cos 
0-sin 0). Given the included angle 0 of 45 degrees or 225 
degrees, the optical signal entering the first optical output 
pathway deviates from the axis of the first optical output 
pathway least. Given the included angle 0 of 135 degrees or 
315 degrees, the optical signal generated deviates from the 
axis of the first optical output pathway most. When the overall 
design of the optical signal pathway in this embodiment is 
taken into account, the included angle 0 is preferably 0 to 45 
degrees but is not limited thereto. 

Referring to FIG. 7B, the second reflective unit 260 devi 
ates from an original position 42a, and an included angle B 
between the second reflective unit 260 and the axis 71 of the 
first optical input pathway remains unchanged and thus is 
maintained at 45 degrees. The magnitude of an included angle 
(p between the moving direction 73 of the second reflective 
unit 260 and the axis 71 of the first optical input pathway is 
determined at a user's discretion. Displacement L of the 
second reflective unit 260 from the original position 42a is 
expressed as 1 (cos(p+sin (p). Given the included angle (p of 45 
degrees or 225 degrees, the optical signal entering the second 
optical output pathway deviates from the axis of the second 
optical output pathway most. However, in another embodi 
ment, the aforesaid maximum offset does not necessarily take 
place at the included angle (p of 45 degrees or 225 degrees. 
As can be seen from the foregoing embodiments, the pre 

ferred included angle 0 between the moving direction 72 of 
the first reflective unit 250 and the axis 71 of the first optical 
input pathway and the preferred included angle (p between the 
moving direction 73 of the second reflective unit 260 and the 
axis 71 of the first optical input pathway both depend on the 
optical pathways of the optical switch device. Similarly, the 
aforesaid principle applies to the second and fourth reflective 
units 260,280. Accordingly, the way the optical switch device 
of the present invention functions as an optical attenuator is 
not limited to the disclosure in the embodiments depicted by 
FIGS. 6G and 6D; hence, in another embodiment, the first and 
third reflective units 250, 270 move in the opposite direction, 
as do the second and fourth reflective units 260, 280. 

Referring to FIG. 8A through FIG. 8G, cross-sectional 
views of a manufacturing process of the optical Switch device 
are shown according to the present invention. The type of 
wafer used in this embodiment is a silicon-on-insulator (SOI) 
wafer. 
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FIG. 8A illustrates a first step of providing a wafer 8 com 
prising, in upward order, a handle layer 81, a buried oxide 
layer 82 and a device layer 83, wherein the handle layer 81 
and the device layer 83 are preferably made of silicon, and the 
buried oxide layer is preferably made of silicon dioxide. The 
thermal oxidation technique is employed to grow a silicon 
dioxide layer 84 on the surface of the wafer 8. 
FIG.8B depicts the subsequent step of performing photo 

lithography and reactive-ion etching (RIE) on the silicon 
dioxide layer 84' such that the silicon dioxide layer 84 is 
patterned to form an etching mask 84. 

FIG. 8C shows the next step of using an inductively 
coupled plasma (ICP) etcher to perform deep-reactive ion 
etching (DRIE) on the etching mask 84 until the buried oxide 
layer 82 is exposed, so as to form the basic construction of the 
device layer 83. 

FIG. 8D depicts a further step of etching the buried oxide 
layer 82 beneath the device layer 83 timely by using hydrof 
luoric acid (HF) until the buried oxide layer 82 underneath a 
movable structure 83 is completely etched away such that the 
movable structure 83 is Suspended, and a fastening structure 
83b is connected to the handle layer 81 by means of the buried 
oxide layer 82. 

FIG. 8E shows the step of removing the etching mask 84 
and cover a shadow mask 85 on the device layer 83 and 
expose the movable structure 83a therefrom. 

FIG. 8F shows the step of sputtering a metal 86, such as 
aluminum, onto the wafer 8 covered by the shadow mask 85, 
and then the step of removing the shadow mask 85. Owing to 
unevenness of the metal 86 thus formed in the fabrication 
process, the metal 86 is sputtered onto the surface of the 
movable structure 83a but not the buried oxide layer 82 
underneath the device layer 83, such that insulation between 
the device layer 83 and the handle layer 81 is maintained. 

FIG.8G illustrates the step of placing an optical fiber 9 into 
the groove 830 of the device layer 83 to form optical input/ 
output pathways. 

It is to be noted that, in the foregoing embodiments, the 
movable structure 83a remains Suspended and thus is separate 
from the handle layer 81 underneath, wherein the movable 
structure 83a is the first, second or third beam of the electro 
thermal actuator, the curved-beam, the first cantilever and the 
driving arm of the bi-stable mechanism that are movable on 
the substrate of the optical switch device, and wherein the 
fastening structure 83b includes anchors and the movable 
structure 83a sputtered and plated with aluminum functions 
as a reflective unit, Such as a mirror. 

In Summary, the key to realizing the present invention is the 
employment of the split-cross-bar (SCB) configuration. With 
this configuration, the Switching of optical signals is achieved 
by moving the mirrors attached on the bi-stable mechanisms 
using the actuators. The attenuation of optical power is car 
ried out by moving the mirrors using the actuators and the 
bi-stable mechanisms. The adaptation of bi-stable mecha 
nisms can reduce the power consumption and simplify the 
actuation scheme. As such, the present invention has the 
following advantages: 

(1) With electro-thermal actuators and the bi-stable mecha 
nism, the reflective units are fixed to two stable positions to 
thereby achieve the optical Switching of optical signals. The 
bi-stable mechanism provides two stable modes for allowing 
reflective units to reflect optical signals and remain in the 
optical pathways without consuming extra energy, thereby 
reducing consumption of power while increasing the speed of 
optical Switching. 

(2) Voltage is applied to electro-thermal actuators and the 
bi-stable mechanism to change the stable positions of the 
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12 
reflective units to thereby adjust the energy of the output 
optical signals and achieve the effect of a variable optical 
attenuatOr. 

(3) With a split cross-bar-type optical pathway, the optical 
Switch and the variable optical attenuator are integrated into 
the same chip to thereby reduce the device size as well as the 
complexity of an optical fiber network. 

(4) A single-mask process performed on an SOI wafer by 
the DRIE technique is simple enough to increase the produc 
tion yield and reduce production costs. 
The foregoing descriptions of the detailed embodiments 

are provided to illustrate and disclose the features and func 
tions of the present invention and are not intended to be 
restrictive of the scope of the present invention. It should be 
understood by those in the art that many modifications and 
variations can be made according to the spirit and principles 
in the disclosure of the present invention and yet still fall 
within the scope of the invention as set forth in the appended 
claims. 

What is claimed is: 
1. An optical Switch, comprising: 
a bi-stable mechanism having two anchors and a curved 
beam connected between said two anchors, wherein a 
first cantilever is provided on a bending portion of the 
curved-beam and extends from the curved-beam in 
opposite directions, and wherein one end of the curved 
beam has a driving portion disposed thereon, the driving 
portion having a first side facing away from the curved 
beam and a second side opposite to the first side, and the 
bi-stable mechanism having a first stable mode and a 
second stable mode: 

a first electro-thermal actuator disposed at a position adja 
cent to a driven portion of the bi-stable mechanism and 
comprising two anchors and a first beam disposed 
between the anchors, wherein the first beam has a bend 
ing portion bending towards the bi-stable mechanism 
and a first driving arm extending from the first beam, 
wherein an end of the first driving arm is adjacent to a 
first side of the driven portion; and 

a second electro-thermal actuator disposed at a position 
adjacent to the drivenportion of the bi-stable mechanism 
and comprising two anchors and a second beam dis 
posed between the anchors, the second electro-thermal 
actuator being coupled to the first electro-thermal actua 
tor by connecting one of the anchors with the other, 
wherein the second beam has a bending portion bending 
away from the direction of the bi-stable mechanism and 
a second driving arm extending from the second beam, 
with an end of the second driving arm being adjacent to 
a second side of the driven portion. 

2. The optical switch as claimed in claim 1, wherein the 
curved-beam bends away from the driven portion when the 
bi-stable mechanism is in the first stable mode. 

3. The optical switch as claimed in claim 1, wherein the 
curved-beam bends towards the driven portion when the bi 
stable mechanism is in the second stable mode. 

4. The optical switch as claimed in claim 1, wherein the 
curved-beam and the first and second beams each comprise 
two adjacent conductors of different thermal expansion coef 
ficient. 

5. The optical switch as claimed in claim 1, wherein the 
curved-beam and the first and/or second beams each com 
prise a plurality of parallel beams. 

6. The optical switch as claimed in claim 1, wherein the 
bending portions of the first and second beams bend in oppo 
site directions. 
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7. The optical switch as claimed in claim 1, wherein the 
first cantilever and the first driving arm and/or the second 
driving arm are folding line structures. 

8. The optical switch as claimed in claim 1, wherein the 
bending angle of the first driving arm and/or the second 
driving arm is provided with reinforced ribs. 

9. The optical switch as claimed in claim 1, wherein the 
first cantilever is a truss structure. 

10. The optical switch as claimed in claim 1, wherein the 
first cantilever has reflective units disposed at an end oppos 
ing the driven portion. 

11. An optical Switch device, comprising: 
a Substrate having at least an optical input pathway and an 

optical output pathway; 
at least an optical Switch as claimed in claim 1 and formed 

on the Substrate, the at least an optical Switch having a 
first reflective unit disposed at an end of the first canti 
lever opposing the driven portion; and 

at least a third thermal actuator disposed in close proximity 
to the first cantilever of the bi-stable mechanism and 
comprising a third beam and an anchor disposed on both 
ends of the third beam and fixed in position to the sub 
strate, wherein the third beam comprises a bending por 
tion and a second cantilever formed on the bending 
portion by extending from the third beam, and wherein 
the end of the second cantilever has a second reflective 
unit. 

12. The optical switch device as claimed in claim 11, 
wherein the bi-stable mechanism of the optical switch and the 
first and second electro-thermal actuators are fixed in position 
to the substrate via the anchors, respectively. 

13. The optical switch device as claimed in claim 11, 
wherein the third beam comprises two adjacent conductors of 
different thermal expansion coefficients. 
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14. The optical switch device as claimed in claim 11, 

wherein the third beam comprises a plurality of parallel 
beams. 

15. The optical switch device as claimed in claim 11, 
wherein the bending portion of the third beam bends towards 
the second reflective unit. 

16. The optical switch device as claimed in claim 11, 
wherein the bending portion of the third beam bends away 
from the second reflective unit. 

17. The optical switch device as claimed in claim 11, 
wherein the second cantilever is a folding line structure. 

18. The optical switch device as claimed in claim 11, 
wherein the second cantilever is a truss structure. 

19. The optical switch device as claimed in claim 11, 
wherein the Substrate comprises a first optical input pathway, 
a first optical output pathway, a second optical input pathway 
and a second optical output pathway. 

20. The optical switch device as claimed in claim 19, 
wherein the first optical input pathway and the second optical 
input pathway are parallel to each other and optical signals are 
alternately input in opposite directions, and the first optical 
output pathway and the second optical output pathway are 
parallel to each other and optical signals are alternately output 
in opposite directions. 

21. The optical switch device as claimed in claim 19, 
wherein the first optical input pathway and the first optical 
output pathway are perpendicular to each other, and the sec 
ond optical input pathway and the second optical output path 
way are perpendicular to each other. 


